We describe here a patient who died of progressive CNS deterioration following allogeneic stem cell transplant with West Nile virus as the sole pathogen on the cerebrospinal fluid and brain tissue analysis. A 50-yearold male with Philadelphia chromosome-positive acute lymphocytic leukemia (ALL) underwent allogeneic PBSCT from his HLA identical sister. After engraftment, the patient developed fever with progressive and ultimately fatal neurological deterioration. Imaging studies of the brain including CT and MRI scans were remarkable for mild low attenuation lesions of the white matter. CSF analysis was negative for neoplastic cells, bacteria, AFB, CMV, HSV, fungal infections and leukemic relapse. However, serological analysis of both the serum and CSF was positive for West Nile virus-specific IgM antibodies. At autopsy, West Nile virus PCR and cultures were positive in the mid-brain tissue. Electron micrographs showed evidence of viral particles. Given the recent increase in the spread of West Nile virus infections and the increased susceptibility of BMT patients to infectious complications, West Nile virus encephalitis should be considered in patients undergoing transplantation.
Since the dramatic appearance of the epidemic of West Nile meningoencephalitis in the New York City area, the virus has subsequently spread throughout much of the Eastern and Midwestern United States, and Southern Canada. [2] [3] [4] [5] However, little is known about the significance of this viral pathogen in immunocompromised patients.
Viral encephalitis remains an important cause of CNS morbidity following hematopoietic stem cell transplantation (HSCT). [6] [7] [8] The most commonly detected viruses are cytomegalovirus (CMV), herpes simplex virus (HSV) and HHV-6. 6, 7, 9 However, for a minority of HSCT recipients presenting with a clinical condition indistinguishable from viral encephalitis, a viral or infectious etiology cannot be determined. We describe, to our knowledge, the first case of West Nile virus causing fatal encephalitis after allogeneic HSCT.
Case report
A 50-year-old male with a history of T3, N2, M0 rectal cancer that was treated with neoadjuvant chemoradiation therapy and surgical resection was diagnosed with pre-Bcell Philadelphia chromosome-positive acute lymphocytic leukemia (ALL). He was treated with the Larson protocol (cyclophosphamide, daunorubicin, vincristine, prednisone and L-asparaginase) and achieved a complete remission after induction. 10 Following the induction phase, the patient was placed on imatinib mesylate (Gleevec) pending allogeneic bone marrow transplantation. He was admitted for transplant in the midsummer of 2002 and received an HLA-identical stem cell transplant from his sister after being conditioned with busulfan, cytarabine and cyclophosphamide. 11 On day þ 16, after engraftment, he developed fevers with acute onset of right upper extremity weakness. CT and MRI scan of the head revealed numerous nonspecific low attenuation white matter lesions without evidence of acute infarction and hemorrhage. Owing to the possibility of tacrolimus neurotoxicity, the post engraftment immunosuppressant was switched to cyclosporine. While the patient's right upper extremity weakness improved spontaneously, he developed renal insufficiency. Cyclosporine was also discontinued and he was placed on steroids for GVHD prophylaxis. After 2 days, he developed high grade fevers and disorientation. He was started on continuous venovenous hemofiltration (CVVH) and broad-spectrum antibiotics. Repeat CT scan of the head did not reveal any new changes. Examination of the cerebrospinal fluid demonstrated a protein of 123 mg/dl, glucose of 64 mg/dl, 1 RBC/cmm and 17 WBC/cmm, with a differential of 5% neutrophils, 62% lymphocytes and 33% histiocytes. Cytological examination as well as flow cytometry of the CSF was negative for leukemic relapse. CSF was also negative for bacteria, HSV, CMV, AFB and fungal infections. The patient's mental status changes progressed, and he became unresponsive and was once again intubated for airway protection. Repeat CT and MRI scans did not show any new changes. A repeat lumbar puncture CSF as well the serum was sent to the Michigan Department of Public Health for a West Nile virus assay. Serological analysis of both the serum and CSF was positive for West Nile virus-specific IgM antibodies. A presumptive diagnosis of West Nile virus meningoencephalitis was made. Over the course of the next few weeks, the patient showed no neurological improvement and expired.
In the period from admission for transplantation to the development of symptoms suggestive of encephalitis, the patient received 77 blood components (seven RBCs and 70 platelet concentrates) and the stem cell donation. All donations occurred in southeastern Michigan during the summer of 2002. The stem cells were negative for WN virus RNA. In all, 68 of the transfused components had a cocomponent or retained segment recovered. All were tested and negative for WN virus RNA and WN IgM antibody. Three other donors subsequently donated again and were WN virus IgM negative. Thus, six of the blood products administered to this patient after BMT were of undetermined status for West Nile virus. These were transfused 13 days (two platelet concentrates), 9 days (RBCs), 6 days (platelet concentrate), 5 days (RBCs) and 0 days (platelet concentrate) before the onset of encephalitis.
At autopsy, the brain weighed 1520 g with attenuation of the sulci and gyral flattening. Grossly, there were multiple prominent white matter small vessels with perivascular gray rimming. Microscopically, sections of the cortex, basal ganglia, hippocampus and midbrain showed microglial nodules (Figure 1a and b) , diffuse white matter perivascular lymphocyte and macrophage cuffing, as well as neuronophagia (Figure 2a and b) . These lesions were most prominent in the frontal cortex, midbrain and medulla, but were also present in the cerebellum, pons and lentiform nuclei. Occasional neurons contained numerous discrete round basophilic inclusion bodies. These pathologic findings are similar to those reported previously in communityacquired WNV infection. 12, 13 Electron microscopy on the midbrain demonstrated viral particles (Figure 3a and b) . West Nile virus PCR and culture was positive in the midbrain tissue, indeterminate in the brain medulla and cortex, but was negative in the kidneys, myocardium and liver.
Discussion
Neurological complications after allogeneic BMT can occur due to a variety of causes. 6, [14] [15] [16] A retrospective study showed that 37% of allogeneic BMT patients developed neurological symptoms and the most frequent cause was the use of immunosuppressive drugs. 8 However, cerebrovascular events and CNS infections resulted in the most severe complications. 6, 8 A recent prospective study of 71 allogeneic bone marrow recipients showed that acute CNS complications occurred in 18% of the patients and led to death in 9% of the study population.
14 This patient presented with an upper extremity weakness that was spontaneously resolving when he developed a prodrome of high-grade fever mental status changes that progressed to coma and eventually led to death. Microbiological investigations for bacteria and viruses of the blood and CSF were negative, save for the positive serology for West Nile virus infection. Furthermore autopsy showed evidence of the West Nile virus in the brain tissue demonstrating that the progressive CNS failure was secondary to West Nile virus meningoencephalitis. 
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Since its first isolation in 1937, large epidemics of WN virus have been described in Israel, South Africa, Europe and more recently in North America. [1] [2] [3] [4] [17] [18] [19] During the last 3 years, WN virus extended its range in North America throughout much of the eastern parts of the USA and from the Atlantic coast to eastern North Dakota. 2, 3, 5, [20] [21] [22] The virus has also been detected in south-central Canada. 2, 3 WN virus is a single-stranded RNA arbovirus that is maintained in nature in a mosquito-bird-mosquito transmission cycle primarily involving Culex sp mosquitoes, but can also be transmitted via blood products. 23 The virus has also been isolated from 29 mosquito species belonging to 10 genera in the USA alone. 3, 5, 22, 23 A broad range of mammalian species are susceptible to natural or experimental infection with WN virus, but naturally acquired disease in mammals has been conclusively demonstrated in human beings and equines only. 22, 23 In the US, as in our patient, most cases of WN virus infections occur in summer or fall, coinciding with the seasons for mosquito infection. [1] [2] [3] 5, 22, 23 Even though most WN viral infections are asymptomatic, the incubation period is approximately 2-14 days in cases of symptomatic infections. 1, 23 This patient was on the Bone Marrow Transplant unit continuously for 4 weeks before the onset of encephalitis. There was no opportunity for mosquito exposure during this time. Although we cannot conclusively define the source of the WN viral infection, he did receive six blood products within 13 days of the onset of encephalitis that could have contained WN virus. These blood products were donated during the peak of WN virus activity in southeastern Michigan in 2002. Other described routes of WN virus transmission include transplacental, breast milk and organ transplantation, all of which can be excluded in this case. 1, 5, 23 Proximate to this case, several other cases of transfusion-transmitted West Nile infection were reported, including two from Michigan. 24 In these cases, RBCs, platelet concentrates and fresh frozen plasma were implicated in viral transmission. In addition, cases of WNV infection in solid organ transplantation have also been recently reported. 25 The WN virus-associated clinical syndromes are nonspecific and a diagnosis cannot reliably be made on clinical grounds alone. However, the incidence of encephalitis increases with age. 26 Clinically, WN encephalitis is similar to other arboviral encephalitides, that is, a prodrome of fever and headache accompanied by mental status changes. 2, 23 However, in only 15% of cases did cerebral dysfunction progress to coma, as was seen in our patient. 1, 5, 23 In patients with WN encephalitis, imaging studies and routine CSF analysis do not show features that are diagnostic for this disease. Serology is the most important laboratory test for diagnosis of WN viral infections. 23 A recent presumptive WN viral infection can be inferred by the detection of IgM in serum or CSF -but duration of IgM antibody in CSF, or in the serum of patients without meningoencephalitis, is unknown. 27, 28 The mortality rate of WN meningoencephalitis is 4-14%. 23 The rates are higher in older patients. 1 However, as demonstrated by our case, immunocompromised transplant patients might also be at a higher risk for developing fatal meningoencephalitis.
The appropriate degree of clinical suspicion, screening of blood products and the development of more rapid and widely available diagnostic tests may be critical for the 
